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(g) Method and system for detecting a marker. 

@ A method for detecting a magnetic marker, 
such as an anti-pilferage marker, is disclosed, 
which method comprises simultaneously 
generating a relatively low frequency and a 
relatively high frequency magnetic field in a 
surveillance zone, and detecting the intermodu- 
lation products generated by a marker in res- 
ponse to the magnetic fields when the marker 
passes through the surveillance zone. 
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This invention relates to a method of detecting a 
marker within a predetermined zone and to a system 
for carrying out the method. The invention is intended 
primarily to be used in the detection of goods in elec- 
tronic article surveillance or anti-theft systems, but it 
may be used for example in article tracking or person- 
nel detection systems. 

The invention concerns the detection of markers 
which have specific non-linear characteristics. It is 
exemplified in relation to high permeability ferromag- 
netic markers, but it applies also to markers which 
have non-linear electronic circuit components. 

Systems which are examples of this invention will 
provide for the excitation and interrogation of (receipt 
of information from) special markers, and the sys- 
tems give better distinguishability in detection of 
these markers over commonplace 'false alarm* ob- 
jects at minimum system complexity and cost, when 
compared to systems of the prior art This leads to 
high positive detection probability and low false 
alarm probability. 

The types of markers detected by these systems 
are well known in the prior art. They are usually fer- 
romagnetic markers which have a very high magnet- 
ic permeability and low coercivity. This means that 
they exhibit magnetic saturation (and particularly a 
reproducible non-linear magnetic response) at very 
low levels of applied magnetic field (typically of order 
1 Oersted). They are typically long narrow strips or 
thin films of special high permeability magnetic al- 
loys. 

In systems which detect these markers, an inter- 
rogating magnetic field is driven by a coil or set of 
coils. This varying magnetic field produces a varying 
state of magnetization in the marker which in turn re- 
emits a magnetic field. Because of the non-linearity 
of the marker, the re-emitted field contains frequency 
components.such as harmonics and intermodulation 
products which are not present in the interrogating 
field. These components are detected by a coil or set 
of coils to indicate the presence of the marker. 

The detection is made difficult because many 
commonplace objects are magnetic, such as tin cans, 
keys, shopping trollies, etc. These also have nonli- 
near characteristics of a greater or lesser degree, and 
also give rise to varying amounts of the new frequen- 
cy components. 

Many systems of the prior art have used an inter- 
rogating magnetic field of a single frequency f 1t and 
detected a harmonic component n.fj. In order to dis- 
criminate between high-permeability markers and 
low-permeability common objects, these systems 
have detected high-order harmonics such as the 20th 
to 100th harmonic since high permeability materials 
emit proportionately more at these high orders than 
common objects. Generally, only the level of the high 
order harmonic is detected, so the systems are still 
very prone to false alarm. Some improvement is 



made by measuring the amount of more than one high 
order harmonic (usually 2) and confirming the ratio 
between the two (or more) levels. However, both of 
these types of system suffer the disadvantage that 

5 most of the marker energy is emitted at low harmonic 
rather than the high orders used for detection, so de- 
tectivity is low or else the markers have to be made 
large, expensive and cumbersome. 

A better method exemplified in US 3,990,065 is 

10 to use two frequencies, one low f lP and one high f 2 , 
and to detect an intermodulation product of these two 
frequencies: f 2 + 2f t . The '065 patent shows use of a 
third frequency f 3 to scan the interrogation fields 
around in spatial orientation, but this is not material 

15 to the present application. The generation of signal at 
f 2 + 2f lt is preferential to markers compared to com- 
mon objects, and furthermore since this is a very iow 
order intermodulation product, it contains a lot of en- 
ergy for detection. The disadvantage of the '065 

20 method is that once again only a single or narrow- 
band frequency is detected, so the information con- 
tent of the signal is low. Furthermore since ^ is very 
low compared to f 2 , the detected frequency is very 
close to an emitted frequency f 2 , which contains a lot 

25 of power, therefore emitter and receiver bandwidth 
have to be very narrow and carefully defined if the 
emitter is not to swamp the receiver with background 
signal. This places severe design constraints on the 
electronic circuitry. 

30 Another system is shown in EP 0153286 of the 

present assignee. Here a low frequency U is used, to- 
gether with two further high frequencies f 2 and f 3 . f 2 
and f 3 are significantly different from each other, and 
are emitted from separate coils which are physically 

35 separated from each other. Detection is carried out 
around an intermodulation product frequency n.f 2 + 
m.f 3 (usually f 2 +f 3 ) in a frequency band which includes 
the sidebands of twice the low frequency fi . This sys- 
tem has the advantage that the detected frequency is 

40 very far from any emitted frequency, so the filter de- 
sign is eased. Furthermore, a large bandwidth around 
n.f 2 and m.f 3 is available (Le. free from emitted sig- 
nal), which is rich in intermodulation information 
which can be used to distinguish the presence of 

45 markers. The disadvantage of this system is the need 
for two coils, the need for generating three separate 
frequencies, and the consequent complexity in elec- 
tronic and mechanical design. Furthermore, even the 
low order product f 2 + f 3 is not the lowest available in- 

50 termodulation frequency, so it has limited available 
energy. 

In accordance with a first aspect, the present in- 
vention provides a method of detecting articles con- 
taining or carrying markers with a non-linear magnet- 
55 ic characteristic by passing the articles through a sur- 
veillance zone in which a first magnetic field of rela- 
tively low frequency U and a second magnetic field of 
relatively high frequency f 2 are generated, and de- 
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tecting the harmonic response of said markers; char- 
acterised in that 

(a) the harmonic response is detected in a fre- 
quency bandwidth m.f 2 ± n.f,, where n and m are 
positive integers, and m is greater than 1; 

(b) the harmonic response is detected by phase- 
sensitive detection means which is locked onto a 
generated reference frequency p.f 2 ± Q-ft. where 
p and q are positive integers, one of which may 
be zero; and 

(c) the harmonic response at the n.f, sidebands 
is analysed by digital signal processing means 
which activates ah alarm if the shape and/or am- 
plitude of the n.f, sidebands correspond to prede- 
termined values. 

By using two interrogation frequencies: a low fre- 
quency ft and a high frequency f 2f and detecting over 
the bandwidth that covers a number of intermodula- 
tion products m.f 2 + n.f 1t it is possible to gain a great 
deal of information concerning the nature of the mag- 
netic nonlinearity of the object and hence to distin- 
guish the special markers. In a preferred embodi- 
ment of the invention, detection of the intermodula- 
tion products takes place around the second harmon- 
ic of the high frequency, i.e. 2f 2 ± n.f, (where n repre- 
sents several integers, preferably from 0 up to 40, 
e.g. from 0 up to 10, i.e. several intermodulation fre- 
quencies which are detected at the same time). Pre- 
ferably, n is chosen so that the n.f, sidebands around 
neighbouring m.f 2 harmonics do not overlap (i.e. such 
that m.f 2 + n.f, < (m + 1).f 2 - n.f, ). The main advan- 
tages over the '286 system are that system imple- 
mentation is simpler because of the reduced number 
of frequencies that are required to be driven, and that 
more detectable energy is emitted by the markers at 
this frequency band than in the '286 systems where 
the energy is spread over the bands 2f 2 , f 2 +f 3 , and 2f 3 . 
We have found that the signal in a system of our new 
invention is approximately 6 dB higher in amplitude 
than in a comparable '286 system. 

By detecting a band of products n.f,, around this 
harmonic, a system according to our invention de- 
tects a large amount of information relating to the 
complex and characteristic magnetic response of the 
high permeability markers at low field levels, com- 
pared to the more uniform behaviour of commonplace 
objects. Commonplace objects emit most of their en- 
ergy in this band at close sidebands, while markers 
have their emitted energy spread over a much wider 
bandwidth including high order (up to 20th or higher) 
sidebands. This aspect of the invention is preferably 
implemented as a wide-bandwidth detection circuit 
centred on the second harmonic of the high frequen- 
cy, with a full time-domain analysis of the received 
signal shape carried out, preferably by digital signal 
processing techniques. Particular use may be made 
of the cyclic nature of the signal; that is, cyclic at the 
bias frequency f,. The characteristic shape of the sig- 



nal arising from the special high-permeability mark- 
ers is checked for a number of parameters before de- 
tection is confirmed. The advantages of this are that 
the characteristic signal shape of the special markers 

5 can be ident if ied with a very high degree of certainty, 
so that there are very few false alarms in a system of 
this type. The signals can even be analyzed to distin- 
guish one style of marker from another, so that inap- 
propriate markers can be rejected. Furthermore, the 

10 marker signal shape can be picked out of a back- 
ground signal generated by most commonplace ob- 
jects so that markers can still be detected in the pres- 
ence of other objects. 

Advantageously, a quadrature detector compris- 

15 ing two mixers may be used. The mixers mix the de- 
tected signal with a generated reference signal p.f 2 ± 
q.fl , where p and q are integers. The reference signal, 
which has a phase angle ij> R , is mixed in one of the 
mixers with the detected signal, which has a phase 

20 angle <j> M . Before reaching the second mixer, the de- 
tected and/or reference signal are dephased so that 
the phase difference is fa - <fr M ± 90°. The quadrature 
detector may also comprise a low-pass filter in order 
to remove frequencies higher than that of the refer- 

25 ence signal. The low frequency output of the quadra- 
ture detector contains information on the phase and 
amplitude of the intermodulation products. 

The quadrature detector advantageously emits a 
signal on two channels, wherein the signal on the first 

30 channel corresponds to A.sin<|>, where A is the ampli- 
tude of the detected signal and <|> is 4> R - <|> M , and the 
signal on the second channel corresponds to Acos^. 
The values of A and <(> for consecutive signal pulses 
in both channels may be analysed by a microproces- 

35 sor which is arranged to trigger an alarm if there is a 
predetermined degree of similarity between succes- 
sive signal pulses indicative of the presence of a 
marker in the surveillance zone. 

In order further to reduce the likelihood of false 

40 alarms, the phase of the f, signal may be fed to the 
microprocessor which may be arranged to check 
whether the signal pulses occur in step with the f , sig- 
nal. This allows the effect of external varying magnet- 
ic fields and other interference to be suppressed. 

45 According to a second aspect of the present in- 

vention, there is provided a method of detecting arti- 
cles containing or carrying markers with a nonlinear 
magnetic characteristic by passing the articles 
through a surveillance zone in which a first magnetic 

so field of relatively low frequency f, and a second mag- 
netic field of relatively high frequency f 2 are generat- 
ed, and detecting the harmonic response of said 
markers; characterised in that: 

(a) the harmonic response is detected in a fre- 
55 quency bandwidth m.f 2 ± n.f,, where n and m are 

positive integers, and m is greater than 1; and 

(b) the amplitude of the first magnetic field is 
greater than that of the second magnetic field. 
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By making the amplitude of the second field low- 
er than that of the first, the total magnetic field is re- 
duced, and accordingly there is less inductive cou- 
pling with magnetic objects outside the surveillance 
zone. This means that the characteristic marker re- 
sponse is better defined against background noise 
and other interference. The amplitude of the first field 
is preferably from 1 .0 to 5.0 Oersted, while that of the 
second field is preferably from 0.1 to 0.9 Oersted. 
Typical values are 2.0 Oe and 0.5 Oe respectively. 

According to a third aspect of the present inven- 
tion, there is provided a method of detecting articles 
containing or carrying markers with a nonlinear mag- 
netic characteristic by passing the articles through a 
surveillance zone in which a first magneticf ield of rel- 
atively low frequency f, and a second magnetic field 
of relatively high frequency f 2 are generated, and de- 
tecting the harmonic response of said markers; char- 
acterised in that 

(a) the harmonic response is detected in a fre- 
quency bandwidth m.f 2 ± n.f 1f where n and m are 
positive integers, and m is greater than 1; and 

(b) the ratio f 2 :fi is greater than 150:1. 

This high ratio has the advantage that the market 
response signal is clearly defined, allowing for im- 
proved detection accuracy. The first frequency U is 
preferably in the range 1 to 100 Hz, while the second 
frequency f 2 is preferably in the range 500 to 20,000 
Hz. Typical frequencies are 16 Hz and 6.25 kHz re- 
spectively, giving a frequency ratio i 2 -U of 390:1. 

According to a further aspect of the present in- 
vention, at least one of the low frequency field U and 
the high frequency field f 2 has a non-sinusoidal wa- 
veform. In particular the low frequency field, which 
may be derived from a switched mode or synthesised 
power supply, may be simpler to generate as a more 
triangular waveform, i.e. contain odd harmonics of 
the fundamental frequency f 1# This does not adverse- 
ly affect the method of detection. 

According to another aspect of the present inven- 
tion, the interrogating magnetic fields are generated 
by a single coil, fed by a current which represents the 
linear superposition of the two drive frequencies. The 
receiver coils may be incorporated in the same phys- 
ical enclosure as the transmitter coil, leading to a sys- 
tem which has a single aerial pedestal as opposed to 
the two pedestals necessary in the '286 system and 
in most other magnetic anti-theft systems. This as- 
pect is most advantageously implemented where the 
transmitter coil is physically large and spread out over 
a large area, rather than compact, since with a large 
coil the range of magnetic drive field amplitudes likely 
to be experienced by a marker is less, leading to a 
lower range of received marker signal strengths, 
which is simpler to process effectively. 

By way of illustration, a preferred embodiment 
will now be described with reference to the drawings. 

Figure 1 is a schematic outline of the present in- 
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vention; 

Figure 2 shows an embodiment of the invention 
in which two pedestal antennae are used; 
Figure 3 shows an embodiment of the invention 
5 in which only a single pedestal antenna is used; 

and 

Figures 4a to 4d are graphs representing signals 
at different stages in the present invention. 
Turning now to Figure 1 , two alternating current 

10 sources 1 and 2, operating at frequencies ^ and 2f 2 
respectively, are combined by way of summing ampli- 
fier 4, the frequency of current source 2 first being 
halved by frequency divider 3. The output of summing 
amplifier 4 is amplified by amplifier 5, and is passed 

is through a low pass filter 6 with a cut-off frequency f 2 
to a transmitter coil 7. The harmonic responses to the 
interrogation signal of markers 20 present in the sur- 
veillance zone 17 in Figures 2 and 3 are received by 
a receiver coil 7\ which may be the same coil as 

20 transmitter coil 7. Band pass filter 8 removes any sig- 
nals received which fall outside the desired 2f 2 ± n.^ 
bandwidth, and passes the residual signal through 
low noise amplifier 9 to phase detector 10, which cor- 
relates the phase of the signal with that of current 

25 source 2. The signal is then passed through low pass 
filter 11 with a cut-off frequency n.f, to analogue-to 
digital converter 13, and thence to digital signal proc- 
essor 14, which analyses the signal for harmonic re- 
sponses at the n.f, sidebands caused by the pres- 

30 ence of a marker 20 in the surveillance zone 17. This 
information is available as a time domain signal of a 
particular shape which repeats at the low frequency 
fi. If the shape corresponds within acceptable bounds 
to a predetermined shape, then the alarm 15 is acth 

35 vated. 

Figure 2 shows two pedestal antennae 16 and 
16' which together define a surveillance zone 17. In 
this embodiment of the invention, both pedestals 16 
and 16' may contain transmitter and receiver coils 7 
40 and r, or alternatively the transmitter coil 7 may be 
housed in pedestal antenna 16 separately from the 
receiver coil T which is then housed in pedestal an- 
tenna 16\ 

Figure 3 depicts an embodiment of the invention 
45 in which the transmitter 7 and receiver T coils are the 
same. In this case, the combination coil may be 
housed in a single pedestal antenna 18, which has a 
surveillance zone generally indicated at 17'. A person 
21 carrying an article 19 to which an active market 
so 20 is attached will cause alarm 15 to be activated 
when the marker 20 passes through the surveillance 
zone 17'. 

Figure 4a shows the amplitude H of the first and 
second transmitted magnetic fields plotted against 
55 their frequency. The amplitude of the second mag- 
netic field is lower than that of the first. 

Because of its non-linear magnetisation curve, a 
magnetic marker excited by these transmitted fre- 
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I. A method of detecting articles containing or car- 
rying markers with a non-linear magnetic charac- 
teristic by passing the articles through a surveil- 
lance zone in which a first magnetic field of rela- 
tively low frequency ^ and a second magnetic 
field of relatively high frequency f 2 are generated, 
and detecting the harmonic response of said 
markers; characterised in that: 

(a) the harmonic response is detected in a fre- 
quency bandwidth m.f 2 ± n.f 1t where n and m 
are positive integers, and m is greater than 1 ; 
and 

(b) the ratio f 2 :fi is greater than 150:1. 

4. A method according to any preceding claim, 
wherein m is 2 and wherein n represents one or 
more integers selected from the range 0 to 40 in- 
clusive. 

5. A method according to any preceding claim, 
wherein m.f 2 + n.fi is less than (m + 1).f 2 - n.f,. 

6. A method according to any preceding claim, 
wherein at least one of the low frequency U and 
the high frequency f 2 magnetic fields has a non- 
sinusoidal waveform. 

7. A method according to claim 6, wherein said wa- 
veform is generally triangular. 

8. A method according to claim 7, wherein the low 
frequency magnetic field contains odd harmon- 
ics of the fundamental frequency f,. 

9. A method according to claim 2, wherein the am- 
plitude of the first magnetic field is in the range 
1 .0 to 5.0 Oersted and the amplitude of the sec- 
ond magnetic field is in the range 0.1 to 0.9 
Oersted. 



quencies produces intermodulation frequencies m.f 2 
± n.f|. These are received by the receiver coil T and 
induce potential difference pulses as shown in Figure 
4b. Only frequencies around 2.f 2 may pass through 
the band pass filter 8, as shown in Figure 4c. The 5 
phase detector 1 0 multiplies these signals with a sig- 
nal corresponding to exp(47ii.f 2 ) in order to shift down 
the signal frequency by 2f 2l as shown in Figure 4d. 
The negative frequencies in Figure 4d represent 
phase information. The relatively low n.^ frequencies 10 
of Figure 4d are easily digitised and analysed by the 
digital signal processor 14. In the event that the am- 
plitudes of the sidebands and/or the ratios between 
adjacent sidebands (equivalent to the shape of the 
sideband spectrum) exceed a predetermined value, 15 
the digital signal processor 14 is arranged to activate 
the alarm 15. 



Claims 20 

1 . A method of detecting articles containing or car- 
rying markers with a non-linear magnetic charac- < 
teristic by passing the articles through a surveil- 
lance zone in which a first magnetic field of rela- 25 
tively low frequency f 1 and a second magnetic 
f ield of relatively high frequency f 2 are generated, 
and detecting the harmonic response of said 
markers; characterised in that 

(a) the harmonic response is detected in a f re- 30 
quency bandwidth m.f 2 ± n.f 1f where n and m 
are positive integers, and m is greater than 1; 

(b) the harmonic response is detected by 
phase-sensitive detection means which is 
locked onto a generated reference frequency 35 
p.f 2 ± q.f 1f where p and q are positive integers, 
one of which may be zero; and 

(c) the harmonic response at the n.fi side- 
bands is analysed by digital signal processing 
means which activates an alarm if the shape 40 
and/or amplitude of the n.fj sidebands corre- 10. 
spond to predetermined values. 



2. A method of detecting articles containing or car- 
rying markers with a non-linear magnetic charac- 
teristic by passing the articles through a surveil- 
lance zone in which a first magnetic field of rela- 
tively low frequency fj and a second magnetic 
field of relat ively h igh frequency f 2 are generated , 
and detecting the harmonic response of said 
markers; characterised in that 

(a) the harmonic response is detected in a fre- 
quency bandwidth m.f 2 ± n.f 1y where n and m 
are positive integers, and m is greater than 1; 
and 

(b) the amplitude of the first magnetic field is 
greater than that of the second magnetic field. 



An electronic article surveillance system, which 
system comprises a transmitter which generates 
two alternating magnetic fields via a single trans- 
mitter coil which is fed with a transmitter signal 
45 current and a receiver which detects harmonics 
and intermodulation products of said alternating 
magnetic fields via a receiver coil which gener- 
ates a receiver signal current, characterised in 
that the transmitter signal current corresponds to 
so the linear superposition of two alternating cur- 
rents with respectively a relatively low frequency 
^ and a relatively high frequency f 2 . 

11. A system as claimed in claim 10, wherein the 
55 transmitter coil and the receiver coil are incorpo- 
rated in a single housing. 

12. A system as claimed in claim 10 or 11, wherein 
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the transmitter coil and the receiver coil are 
wound as a single unit 

13. A system as claimed in claim 10 or 11, wherein 

the area enclosed by the transmitter coil extends 5 
over that enclosed by the receiver coil. 

14. A system as claimed in claims 10 to 13, wherein 
the receiver comprises a wide-bandwidth phase 
detector locked onto a frequency p.f 2 ± q.fi. 10 
where p and q are positive integers, one of which 
may be zero, and a digital signal processor adapt- 
ed to carry out a full time-domain analysis of the 
waveform of the receiver signal current 

15 

15. A system as claimed in claim 14, wherein the 
phase detector is locked onto a frequency 2.f 2 . 
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Fig. 4b. 
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Description 

[0001] This invention relates to a method of detecting 
a marker within a predetermined zone and to a system 
for carrying out the method. The invention is intended s 
primarily to be used in the detection of goods in elec- 
tronic article surveillance or anti-theft systems, but it 
may be used for example in article tracking or personnel 
detection systems. 

[0002] The invention concerns the detection of mark- 
ers which have specific non-linear characteristics. It is 
exemplified in relation to high permeability ferromagnet- 
ic markers, but it applies also to markers which have 
non-linear electronic circuit components. 
[0003] Systems which are examples of this invention 
will provide for the excitation and interrogation of (re- 
ceipt of information from) special markers, and the sys- 
tems give better distinguishability in detection of these 
markers over commonplace false alarm' objects at min- 
imum system complexity and cost, when compared to 
systems of the prior art. This leads to high positive de- 
tection probability and low false alarm probability. 
[0004] The types of markers detected by these sys- 
tems are well known in the prior art. They are usually 
ferromagnetic markers which have a very high magnetic 
permeability and low coercivity. This means that they ex- 
hibit magnetic saturation (and particularly a reproduci- 
ble non-linear magnetic response) at very low levels of 
applied magnetic field (typically of order 1 Oersted). 
They are typically long narrow strips or thin films of spe- 
cial high permeability magnetic alloys. 
[0005] In systems which detect these markers, an in- 
terrogating magnetic field is driven by a coil or set of 
coils. This varying magnetic field produces a varying 
state of magnetization in the marker which in turn re- 
emits a magnetic field. Because of the non-linearity of 
the marker, the re-emitted field contains frequency com- 
ponents such as harmonics and intermodulation prod- 
ucts which are not present in the interrogating field. 
These components are detected by a coil or set of coils 
to indicate the presence of the marker. 
[0006] The detection is made difficult because many 
commonplace objects are magnetic, such as tin cans, 
keys, shopping trollies, etc. These also have nonlinear 
characteristics of a greater or lesser degree, and also 
give rise to varying amounts of the new frequency com- 
ponents. 

[0007] Many systems of the prior art have used an in- 
terrogating magnetic field of a single frequency f 1t and 
detected a harmonic component n.f t . In order todiscrim- 
inate between high-permeability markers and low-per- 
meability common objects, these systems have detect- 
ed high-order harmonics such as the 20th to 100th har- 
monic since high permeability materials emit proportion- 
ately more at these high orders than common objects. 
Generally, only the level of the high order harmonic is 
detected, so the systems are still very prone to false 
alarm. Some improvement is made by measuring the 



amount of more than one high order harmonic (usually 
2) and confirming the ratio between the two (or more) 
levels. However, both of these types of system suffer 
the disadvantage that most of the marker energy is emit- 
ted at low harmonic rather than the high orders used for 
detection, so detectivity is low or else the markers have 
to be made large, expensive and cumbersome. 
[0008] From U.S. 4,710,752 is known a system em- 
ploying a high amplitude (3 oersted) high frequency in- 
terrogating field and a low amplitude (typically 0.5 oer- 
sted or less) low frequency interrogating field. The high 
frequency field in this case has sufficient amplitude to 
drive a suitable high permeability magnetic marker in the 
interrogation region between positive and negative 
states of saturation. This in turn leads to continuous re- 
radiation of harmonics of the interrogating signal by the 
marker. The simultaneously-present low amplitude low 
frequency interrogating field intermodulates with the 
high frequency (within the marker) causing low frequen- 
cy sinusoidal amplitude modulation of the high frequen- 
cy harmonics. The amplitude modulation of the harmon- 
ics of the high frequency interrogation signal by the low 
frequency interrogation signal adds characteristic side- 
bands onto all the high frequency harmonics. Detection 
of one or more specific sideband spectral lines, rather 
than the basic high frequency harmonic, provides mark- 
er presence detection together with discrimination 
against certain spurious signals. These spurious signals 
are principally high frequency harmonics generated by 
distortion in the interrogation drive generation electron- 
ics, and magnetic noise from external sources. No char- 
acterising bursts of intermodulation signal are generat- 
ed, and there is no time-domain signal variance. 
[0009] A better method exemplified in US 3,990,065 
is to use two frequencies, one low f t , and one high f 2 , 
and to detect an intermodulation product of these two 
frequencies: f 2 + 2^. The '065 patent shows use of a 
third frequency f 3 to scan the interrogation fields around 
in spatial orientation, but this is not material to the 
present application. The generation of signal at f 2 + 2f 1t 
is preferential to markers compared to common objects, 
and furthermore since this is a very low order intermod- 
ulation product, it contains a lot of energy for detection. 
The disadvantage of the '065 method is that once again 
only a single or narrow-band frequency is detected, so 
the information content of the signal is low. Furthermore 
since f -j is very low compared to f 2 , the detected frequen- 
cy is very close to an emitted frequency f 2 , which con- 
tains a lot of power, therefore emitter and receiver band- 
width have to be very narrow and carefully defined if the 
emitter is not to swamp the receiver with background 
signal. This places severe design constraints on the 
electronic circuitry. 

[0010] A similar system is disclosed in U.S. 
4,249,167, which relates to a system employing two-fre- 
quency interrogation and relies on comparing the am- 
plitudes of at least two intermodulation products created 
by the presence of a suitable high permeability market 
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in the interrogation volume. In the terminology of this 
patent, the low interrogation frequency is f 2 and the high 
frequency f v Detection occurs in two (or more) narrow 
bands centred on frequencies defined by t, - n.f 2 , where 
n is an integer with typical values 2 and 3. $ 
[001 1 ] Another system is shown in EP 01 53286 of the 
present assignee. Here a low frequency f, is used, to- 
gether with two further high frequencies f 2 and f 3 . f 2 and 
f 3 are significantly different from each other, and are 
emitted from separate coils which are physically sepa- 10 
rated from each other. Detection is carried out around 
an intermodulation product frequency n.f 2 + m.f 3 (usu- 
ally f 2 +f 3 ) in a frequency band which includes the side- 
bands of twice the low frequency f 1 . This system has the 
advantage that the detected frequency is very far from is 
any emitted frequency, so the fitter design is eased. Fur- 
thermore, a large bandwidth around n.f 2 and m.f 3 is 
available (i.e. free from emitted signal), which is rich in 
intermodulation information which can be used to dis- 
tinguish the presence of markers. The disadvantage of 
this system is the need for two coils, the need for gen- 
erating three separate frequencies, and the consequent 
complexity in electronic and mechanical design. Fur- 
thermore, even the low order product f 2 + f 3 is not the 
lowest available intermodulation frequency, so it has 
limited available energy. 

[0012] In accordance with a first aspect, the present 
invention provides a method of detecting articles con- 
taining or carrying markers with a non-linear magnetic 
characteristic by passing the articles through a surveil- 
lance zone in which a first magnetic field of relatively low 
frequency f-, and relatively high amplitude and a second 
magnetic field of relatively high frequency f 2 and rela- 
tively low amplitude are generated, and detecting the 
harmonic response of said markers; characterised in 
that: 

(a) the harmonic response is detected in a frequen- 
cy bandwidth m.f 2 ± n.t, , where n and m are positive 
integers, and m is greater than 1 ; 

(b) the harmonic response is detected by phase- 
sensitive detection means which is locked onto a 
generated reference frequency p.f 2 ± q.f 1f where p 
and q are positive integers, one of which may be 
zero; and 

(c) the harmonic response at the n.^ sidebands is 
analysed by digital signal processing means which 
activates an alarm if the shape and/or amplitude of 
the n.^ sidebands correspond to predetermined 
values. 

[0013] By using two interrogation frequencies: a low 
frequency ^ and a high frequency f 2 , and detecting over 
the bandwidth that covers a number of intermodulation 
products m.f 2 + n.f 1( it is possible to gain a great deal of 
information concerning the nature of the magnetic non- 
linearity of the object and hence to distinguish the spe- 
cial markers. In a preferred embodiment of the inven- 



tion, detection of the intermodulation products takes 
place around the second harmonic of the high frequen- 
cy, i.e. 2f 2 ± n.f., (where n represents several integers, 
preferably from 0 up to 40, e.g. from 0 up to 10, i.e. sev- 
eral intermodulation frequencies which are detected at 
the same time). Preferably, n is chosen so that the n.f., 
sidebands around neighbouring m.f 2 harmonics do not 
overlap (i.e. such that m.f 2 + n.^ < (m + 1 ).f 2 - n.f., ). The 
main advantages over the '286 system are that system 
implementation is simpler because of the reduced 
number of frequencies that are required to be driven, 
and that more detectable energy is emitted by the mark- 
ers at this frequency band than in the '286 systems 
where the energy is spread over the bands 2f 2 , f 2 +f 3 , 
and 2f 3 . We have found that the signal in a system of 
our new invention is approximately 6 dB higher in am- 
plitude than in a comparable '286 system. 
[0014] By detecting a band of products n.f^ around 
this harmonic, a system according to our invention de- 
tects a large amount of information relating to the com- 
plex and characteristic magnetic response of the high 
permeability markers at low field levels, compared to the 
more uniform behaviour of commonplace objects. Com- 
monplace objects emit most of their energy in this band 
at close sidebands, while markers have their emitted en- 
ergy spread over a much wider bandwidth including high 
order (up to 20th or higher) sidebands. This aspect of 
the invention is preferably implemented as a wide-band- 
width detection circuit centred on the second harmonic 
of the high frequency, with a full time-domain analysis 
of the received signal shape carried out, preferably by 
digital signal processing techniques. Particular use may 
be made of the cyclic nature of the signal; that is, cyclic 
at the bias frequency f v The characteristic shape of the 
signal arising from the special high-permeability mark- 
ers is checked for a number of parameters before de- 
tection is confirmed. The advantages of this are that the 
characteristic signal shape of the special markers can 
be identified with a very high degree of certainty, so that 
there are very few false alarms in a system of this type. 
The signals can even be analyzed to distinguish one 
style of marker from another, so that inappropriate mark- 
ers can be rejected. Furthermore, the marker signal 
shape can be picked out of a background signal gener- 
ated by most commonplace objects so that markers can 
still be detected in the presence of other objects. 
[0015] Advantageously, a quadrature detector com- 
prising two mixers may be used. The mixers mix the de- 
tected signal with a generated reference signal p.f 2 ± q. 
ft, where p and q are integers. The reference signal, 
which has a phase angle <)> R , is mixed in one of the mix- 
ers with the detected signal, which has a phase angle 
<)> M . Before reaching the second mixer, the detected and/ 
or reference signal are dephased so that the phase dif- 
ference is <)> R - <)> M ± 90°. The quadrature detector may 
also comprise a low-pass filter in order to remove fre- 
quencies higher than that of the reference signal. The 
low frequency output of the quadrature detector con- 
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tains information on the phase and amplitude of the in- 
termodulation products. 

[0016] The quadrature detector advantageously 
emits a signal on two channels, wherein the signal on 
the first channel corresponds to A.sin<|> t where A is the 
amplitude of the detected signal and $ is <(> R - (|> M , and 
the signal on the second channel corresponds to A. 
cos<|>. The values of A and $ for consecutive signal puls- 
es in both channels may be analysed by a microproces- 
sor which is arranged to trigger an alarm if there is a 
predetermined degree of similarity between successive 
signal pulses indicative of the presence of a marker in 
the surveillance zone. 

[0017] In order further to reduce the likelihood of false 
alarms, the phase of the f-, signal may be fed to the mi- 
croprocessor which may be arranged to check whether 
the signal pulses occur in step with the f 1 signal. This 
allows the effect of external varying magnetic fields and 
other interference to be suppressed. 
[0018] By making the amplitude of the second field 
lower than that of the first, the total magnetic field is re- 
duced, and accordingly there is less inductive coupling 
with magnetic objects outside the surveillance zone. 
This means that the characteristic marker response is 
better defined against background noise and other in- 
terference. The amplitude of the first field is preferably 
from 1 .0 to 5.0 Oersted, while that of the second field is 
preferably from 0.1 to 0.9 Oersted. Typical values are 
2.0 Oe and 0.5 Oe respectively. 
[0019] In a preferred embodiment of the present in- 
vention, the frequency ratio f 2 :f n is greater than 150:1. 
This high ratio has the advantage that the marker re- 
sponse signal is clearly defined, allowing for improved 
detection accuracy. The first frequency fj is preferably 
in the range 1 to 100 Hz, while the second frequency f 2 
is preferably in the range 500 to 20,000 Hz. Typical fre- 
quencies are 16 Hz and 6.25 kHz respectively, giving a 
frequency ratio f 2 :fi of 390:1. 

[0020] Advantageously, at least one of the low fre- 
quency field i<i and the high frequency field f 2 has a non- 
sinusoidal waveform. In particular the low frequency 
field, which may be derived from a switched mode or 
synthesised power supply, may be simpler to generate 
as a more triangular waveform, i.e. contain odd harmon- 
ics of the fundamental frequency f 1 . This does not ad- 
versely affect the method of detection. 
[0021] According to a second aspect of the present 
invention, there is provided an electronic article surveil- 
lance system, which system comprises a transmitter 
which generates two alternating magnetic fields via a 
single transmitter coil which is fed with a transmitter sig- 
nal current and a receiver which detects harmonics and 
intermodulation products of said alternating magnetic 
fields via a receiver coil which generates a receiver sig- 
nal current, characterised in that: 

i) the transmitter signal current corresponds to the 
linear superposition of two alternating currents with 



respectively a relatively low frequency f, and a rel- 
atively high frequency f 2 ; and 
ii) the receiver comprises a wide-bandwidth phase 
detector locked onto a frequency p.f 2 ±q.f lf where 
5 p and q are positive integers, one of which may be 
zero, and a digital signal processor adapted to carry 
out a full time-domain analysis of the waveform of 
the receiver signal current. 

io [0022] The interrogating magnetic fields may be gen- 
erated by a single coil, fed by a current which represents 
the linear superposition of the two drive frequencies. 
The receiver coils may be incorporated in the same 
physical enclosure as the transmitter coil, leading to a 

15 system which has a single aerial pedestal as opposed 
to the two pedestals necessary in the '286 system and 
in most other magnetic anti-theft systems. This is most 
advantageously implemented where the transmitter coil 
is physically large and spread out over a large area, rath- 

20 er than compact, since with a large coil the range of 
magnetic drive field amplitudes like fy to be experienced 
by a marker is less, leading to a lower range of received 
marker signal strengths, which is simpler to process ef- 
fectively. 

25 [0023] By way of illustration, a preferred embodiment 
will now be described with reference to the drawings. 

Figure 1 is a schematic outline of the present inven- 
tion; 

30 Figure 2 shows an embodiment of the invention in 
which two pedestal antennae are used; 
Figure 3 shows an embodiment of the invention in 
which only a single pedestal antenna is used; and 
Figures 4a to 4d are graphs representing signals at 

35 different stages in the present invention. 

[0024] Turning now to Figure 1, two alternating cur- 
rent sources 1 and 2, operating at frequencies fj and 2f 2 
respectively, are combined by way of summing amplifier 

40 4, the frequency of current source 2 first being halved 
by frequency divider 3. The output of summing amplifier 
4 is amplified by amplifier 5, and is passed through a 
low pass filter 6 with a cut-off frequency f 2 to a transmit- 
ter coil 7. The harmonic responses to the interrogation 

45 signal of markers 20 present in the surveillance zone 1 7 
in Figures 2 and 3 are received by a receiver coil 7', 
which may be the same coil as transmitter coil 7. Band 
pass filter 8 removes any signals received which fall out- 
side the desired 2f 2 ± n.fj bandwidth, and passes the 

so residual signal through low noise amplifier 9 to phase 
detector 10, which correlates the phase of the signal 
with that of current source 2. The signal is then passed 
through low pass filter 11 with a cut-off frequency n.f, to 
analogue-to-digital converter 13, and thence to digital 

55 signal processor 14, which analyses the signal for har- 
monic responses at the n.f 1 sidebands caused by the 
presence of a marker 20 in the surveillance zone 17. 
This information is available as a time domain signal of 
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a particular shape which repeats at the low frequency 
f v If the shape corresponds within acceptable bounds 
to a predetermined shape, then the alarm 15 Is activat- 
ed. 

[0025] Figure 2 shows two pedestal antennae 1 6 and 
16* which together define a surveillance zone 17. In this 
embodiment of the invention, both pedestals 1 6 and 16* 
may contain transmitter and receiver coils 7 and 7\ or 
alternatively the transmitter coil 7 may be housed in ped- 
estal antenna 16 separately from the receiver coil T 
which is then housed in pedestal antenna 16'. 
[0026] Figure 3 depicts an embodiment of the inven- 
tion in which the transmitter 7 and receiver T coils are 
the same. In this case, the combination coil may be 
housed in a single pedestal antenna 18, which has a 
surveillance zone generally indicated at 17'. A person 
21 carrying an article 19 to which an active marker 20 
is attached will cause alarm 15 to be activated when the 
marker 20 passes through the surveillance zone 17'. 
[0027] Figure 4a shows the amplitude H of the first 
and second transmitted magnetic fields plotted against 
their frequency. The amplitude of the second magnetic 
field is lower than that of the first. 
[0028] Because of its non-linear magnetisation curve, 
a magnetic marker excited by these transmitted fre- 
quencies produces intermodulation frequencies m.f 2 ± 
n.f v These are received by the receiver coil T and in- 
duce potential difference pulses as shown in Figure 4b. 
Only frequencies around 2.f 2 may pass through the 
band pass filter 8, as shown in Figure 4c. The phase 
detector 10 multiplies these signals with a signal corre- 
sponding to exp(47ti.f 2 ) in order to shift down the signal 
frequency by 2f 2 , as shown in Figure 4d. The negative 
frequencies in Figure 4d represent phase information. 
The relatively low n.f 1 frequencies of Figure 4d are eas- 
ily digitised and analysed by the digital signal processor 
14. In the event that the amplitudes of the sidebands 
and/or the ratios between adjacent sidebands (equiva- 
lent to the shape of the sideband spectrum) exceed a 
predetermined value, the digital signal processor 14 is 
arranged to activate the alarm 15. 



Claims 

1. A method of detecting articles (19) containing or 
carrying markers (20) with a non-linear magnetic 
characteristic by passing the articles (19) through a 
surveillance zone in which a first magnetic field of 
relatively low frequency and relatively high ampli- 
tude and a second magnetic field of relatively high 
frequency f 2 and relatively low amplitude are gen- 
erated, and detecting the harmonic response of 
said markers (20) ; characterised in that: 

(a) the harmonic response is detected in a fre- 
quency bandwidth m.f 2 ± n.f 1( where n and m 
are positive integers, and m is greater than 1; 



(b) the harmonic response is detected by 
phase-sensitive detection means (10) which is 
locked onto a generated reference frequency 
p.f 2 ± q.f 1f where p and q are positive integers, 

5 one of which may be zero; and 

(c) the harmonic response at the n.f , sidebands 
is analysed by digital signal processing means 
(14) which activates an alarm if the shape and/ 
or amplitude of the n.t, sidebands correspond 

10 to predetermined values. 

2. A method according to claim 1 , wherein the ratio f 2 : 
f 1 is greater than 150:1. 

is 3. a method according to any preceding claim, where- 
in m is 2 and wherein n represents one or more in- 
tegers selected from the range 0 to 40 inclusive. 

4. A method according to any preceding claim, where- 
20 jn m.f 2 + n.t, is less than (m + 1 ).f 2 - n.^ . 

5. A method according to any preceding claim, where- 
in at least one of the low frequency f 1 and the high 
frequency f 2 magnetic fields has a non-sinusoidal 

25 waveform. 

6. A method according to claim 5, wherein said wave- 
form is generally triangular. 

30 7. A method according to claim 6, wherein the low fre- 
quency magnetic field contains odd harmonics of 
the fundamental frequency f v 

8. A method according to claim 1 , wherein the ampli- 
35 tude of the first magnetic field is in the range 1 .0 to 

5.0 Oersted and the amplitude of the second mag- 
netic field is in the range 0.1 to 0.9 Oersted. 

9. An electronic article surveillance system, which 
40 system comprises a transmitter which generates 

two alternating magnetic fields via a single transmit- 
ter coil (7) which is fed with a transmitter signal cur- 
rent and a receiver which detects harmonics and 
intermodulation products of said alternating mag- 
45 netic fields via a receiver coil (7 l ) which generates 
a receiver signal current, characterised in that: 

i) the transmitter signal current corresponds to 
the linear superposition of two alternating cur- 

so rents with respectively a relatively low frequen- 

cy f ! and a relatively high frequency f 2 ; and 

ii) the receiver comprises a wide-bandwidth 
phase detector (10) locked onto a frequency p. 
f 2 ± q.fj, where p and q are positive integers, 

55 one of which may be zero, and a digital signal 

processor (14) adapted to carry out a full time- 
domain analysis of the waveform of the receiver 
signal current. 
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10. A system as claimed in claim 9, wherein the trans- 
mitter coil (7) and the receiver coil (7') are incorpo- 
rated in a single housing. 

11. A system as claimed in claim 9 or 10, wherein the s 
transmitter coil (7) and the receiver coil (7') are 
wound as a single unit. 

12. A system as claimed in claim 9 or 10, wherein the 
area enclosed by the transmitter coil (7) ^extends 10 
over that enclosed by the receiver coil (7'). 

13. A system as claimed in claim 9, wherein the phase 
detector (10) is locked onto a frequency 2.f 2 . 
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5. Verfahren nach irgendeinem vorhergehenden An- 
spruch, wobei das Magnetfeld mit der niedrigen 
Frequenz f-, oder das Magnetfeld mit der hohen Fre- 
quenz f 2 oder beide Magnetf elder einen nicht sinus- 
fdrmigen Kurvenverlauf haben. 

6. Verfahren nach Anspruch 5, wobei die Kurvenform 
im allgemeinen dreieckig ist. 

7. Verfahren nach Anspruch 6, wobei das niederfre- 
quente Magnetfeld ungeradzahlige Harmonische 
der Grundfrequenz f 1 enthalt. 

8. Verfahren nach Anspruch 1, wobei die Amplitude 
des ersten Magnetfelds im Bereich von 1 ,0 bis 5,0 
Oersted liegt und die Amplitude des zweiten Ma- 
gnetfelds im Bereich von 0,1 bis 0,9 Oersted. 



1 . Verfahren zum Erfassen von Artikeln (1 9), die Mar- 
ker mit nichtlinearen magnetischen Eigenschaften 20 
(20) enthalten odertragen, wenn die Artikel (19) ei- 
nen Uberwachungsbereich durchlaufen, in dem ein 
erstes Magnetfeld mit einer relativ niedrigen Fre- 
quenz f und einer relativ gro3en Amplitude und ein 
zweites Magnetfeld mit relativ hoher Frequenz f 2 25 
und relativ kleiner Amplitude erzeugt werden, und 
zum Erfassen der harmonischen Antwort des Mark- 
ers (20), dadurch gekennzeichnet, daB: 

a) die harmonische Antwort in einer Frequenz- 30 
bandbreite m.f 2 ± n.fj erfaBt wird, wobei m und 

n positive ganze Zahlen sind und m groBer als 
1 ist; 

b) die harmonische Antwort durch eine phasen- 
empfindliche Erfassungsvorrichtung (10) er- 35 
kannt wird, die auf eine erzeugte Bezugsfre- 
quenz p.f 2 ±q.f 1 eingerastet ist, wobei p und q 
positive ganze Zahlen sind, von denen eine 
Zahl null sein kann; und 

c) die harmonische Antwort an den n.^ Seiten- 40 
bandern von einer digitalen Signalverarbei- 
tungsvorrichtung (1 4) analysiert wird, die einen 
Alarm auslost, falls die Form und/oder die Am- 
plitude der n.fj Seitenbander vorbestimmten 
Werten entspricht. 45 

2. Verfahren nach Anspruch 1, wobei das Verhaltnis 
f 2 :f 1 groBerals 150:1 ist. 



9. Elektronisches Artikeluberwachungssystem, wobei 
das System einen Sender umfaBt, der zwei magne- 
tische Wechselfelder uber eine einzige Sendespule 
(7) erzeugt, die mit einem Sendersignalstrom ge- 
speist wird, und einem Empf anger, der Harmoni- 
sche und Intermodulationsprodukte der magneti- 
schen Wechsel felder uber eine Empfangerspule 
(7') erfaBt, die einen Empfangersignalstrom er- 
zeugt, dadurch gekennzeichnet, daB: 

i) der Sendersignalstrom einer linearen Oberla- 
gerung zweier Wechselstrome mit jeweils einer 
relativ niederen Frequenz i y und einer relativ 
hohen Frequenz f 2 entspricht; und 

ii) der Empfanger einen breitbandigen Phasen- 
detektor (10) umfaBt, der auf eine Frequenz p. 
f 2 ± q.f t eingerastet ist, wobei p und q positive 
ganze Zahlen sind, von denen eine Zahl null 
sein kann, und einen digitalen Signalprozessor 
(14), der so eingerichtet ist, daB er eine voll- 
standige Zeitbereichsanalyse der Signalform 
des Empfangersignalstroms ausfuhrt. 

10. System nach Anspruch 9, wobei die Senderspule 
(7) und die Empfangerspule (7') in einem einzigen 
Gehause untergebracht sind. 

11. System nach Anspruch 9 oder 10, wobei die Sen- 
derspule (7) und die Empfangerspule (7 1 ) als eine 
einzige Einheit gewickelt sind. 



3. Verfahren nach irgendeinem vorhergehenden An- so 
spruch, wobei m gleich 2 ist und wobei n eine oder 
mehrere ganze Zahlen darstelft, die aus dem Be- 
reich von 0 bis 40 einschlieBlbh ausgewahlt sind. 

4. Verfahren nach irgendeinem vorhergehenden An- 55 
spruch, wobei m.f 2 + n.fj kleiner ist als (m + 1).f 2 - 
n.f v 



12. System nach Anspruch 9 oder 10, wobei sich der 
von der Senderspule (7) umschlossene Bereich 
uber den Bereich hinaus erstreckt, den die Empfan- 
gerspule (7') umschlieBt. 

13. System nach Anspruch 9, wobei der Phasendetek- 
tor (10) auf eine Frequenz 2.f 2 eingerastet ist 
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Revendications 

1. Precede de detection d'articles (19) contenant ou 
portant des elements de marquage (20) avec une 
caracteristique magnetique non lineaire, en faisant 
passer !es articles (1 9) dans une zone de surveillan- 
ce dans laquelle sont engendr6s un premier champ 
magnetique de frequence relativement basse f-, et 
d'ampiitude relativement elevee et un deuxieme 
champ magnetique de frequence relativement hau- 
te f 2 et d'ampiitude relativement faible, et de detec- 
tion de la reponse en harmonique desdits elements 
de marquage (20) ; caracterisS en ce que: 

(a) la reponse en harmonique est detected 
dans une largeur de bande de frequences m.f 2 
± n.f,, ou n et m sont des entiers positifs, et m 
est superieur a 1; 

(b) la reponse en harmonique est detectee par 
des moyens de detection sensibles a la phase 
(10) qui sont verrouilies sur une frequence de 
reference engendree p.f 2 ± q.fi> ou p et q sont 
des entiers positifs, dont I'un peut etre zero; et 

(c) la reponse en harmonique aux bandes late- 
rales n.t, est analysee par des moyens de trai- 
tement de signal numerique (1 4) qui actionnent 
une alarme si la forme et/ou I'amplitude des 
bandes laterales n.^ correspondent a des va- 
lours predetermin6es. 

2. Procede selon la revendication 1, dans lequel le 
rapport est superieur a 150:1. 

3. Procede selon Tune quelconque des revendications 
precedentes, dans lequel m est 2, et dans lequel n 

N represente un ou plusieurs entiers seiectionnes 
dans la plage allant de 0 a 40 inclus. 

4. Precede selon Tune quelconque des revendications 
precedentes, dans lequel m.f 2 + n.fj est inferieur a 
(m + 1) . f 2 -n.f v 

5. Precede selon Tune quelconque des revendications 
precedentes, dans lequel au moins I'un des champs 
magn6tiques de basse frequence fj et de haute fre- 
quence f 2 a une forme d'onde non sinusotdale. 



du deuxieme champ magnetique est situee dans !a 
plage de 0,1 a 0,9 Oersted. 

9. Systeme de surveillance d'articles electronique, le- 
s quel systeme comprend un emetteur qui engendre 
deux champs magnetiques alternatifs par i'interme- 
diaire d'une seule bobine d'emetteur (7) qui est ali- 
mentee en courant de signal d'emetteur, et un re- 
cepteur qui detecte des harmoniques et des pro- 
10 duits d'intermodulation desdits champs magneti- 
ques alternatifs par I' intermediate d'une bobine de 
r6cepteur (7') qui engendre un courant de signal de 
r6cepteur, caracterise en ce que: 



is j) le courant de signal d'emetteur correspond a 

la superposition lineaire de deux courants al- 
ternatifs avec respectivement une frequence 
relativement basse f t et une frequence relati- 
vement haute f 2 ; et 

20 jj) le recepteur comprend un detecteur de pha- 

se a grande largeur de bande (10) verrouille sur 
une frequence p.f 2 ± q.f 1( ou p et q sont des 
entiers, dont Tun peut dtre z6ro, et un proces- 
ses de signal numerique (14) adapte pour ef- 

25 fectuer une analyse complete dans le domaine 

du temps de la forme d'onde du courant de si- 
gnal de recepteur. 

10. Systeme selon la revendication 9, dans lequel la bo- 
30 bine d'emetteur (7) et la bobine de recepteur (7'} 

sont incorporees dans un seul boftier. 

11. Systeme selon la revendication 9 ou 10, dans lequel 
la bobine d'emetteur (7) et la bobine de recepteur 

35 (7') sont enrouiees en une seule unite. 

12. Systeme selon la revendication 9 ou 10, dans lequel 
la zone deiimitee par la bobine d'emetteur (7) re- 
couvre celle deiimitee par la bobine de recepteur 

40 (T). 

13. Systeme selon la revendication 9, dans lequet le de- 
tecteur de phase (10) est verrouille sur une frequen- 
ce 2.f 2 . 

45 
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6. Precede selon la revendication 5, dans lequel ladite 
forme d'onde est globalement triangulaire. 

7. Procede selon la revendication 6, dans lequel le 
champ magnetique de basse frequence contient 
des harmoniques impairs de la frequence fonda- 
mentalef v 

8. Precede selon la revendication 1 , dans lequel I'am- 
plitude du premier champ magnetique est situee 
dans la plage de 1 ,0 a 5,0 Oersteds, et ramplitude 
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Fig 4b, 
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Fig 4d. 
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